The mutagenic and lethal effects of N-methyl-N'-nitro-N-nitrosoguanidine (NTG), ethyl methanesulphonate (EMS), ultraviolet light irradiation and nearultraviolet light irradiation with 8-methoxypsoralen on the bacterium Acinetobacter calcoaceticus NCIB8250 were examined. The production of auxotrophic mutants was used as a measure of mutagenic efficiency. Under appropriate conditions all four agents were mutagenic. EMS and NTG although more effective than irradiation, did not cause such a high frequency of mutation as has been observed with other bacteria. A combination of vancomycin and penicillin V gave enrichment of non-metabolizing bacteria and optimum conditions were found for the use of these compounds in a selection technique.
Production of Acinetobacter mutants 339
Procedures for the growth and maintenance of bacteria and the compositions of basal and salts media have been described (Kennedy & Fewson, 1968; Livingstone et al. 1972) .
Measurement of bacterial numbers. Viable bacterial titres in liquid cultures were determined by spreading samples diluted in basal medium on to nutrient agar plates. Colonies were counted after incubation for I to 2 days at 30 "C.
The proportion of auxotrophs was measured by replicating from nutrient agar plates on to 10 mM-succinate-salts agar on which auxotrophs are unable to grow (Lederberg & Lederberg, I 952). Non-replicating colonies were checked by streaking on I o mM-SUCCinatesalts agar. Usually the minimum number of auxotrophs which could be determined was about 0.05 % of the total viable bacteria; proportions less than this were recorded as zero.
Auxotrophic requirements were determined by the pool-plate method of Holliday (I 956) .
Relative enrichment was calculated as % mutant survivors of antibiotic treatment % wild-type survivors of antibiotic treatment * Treatment with mutagenic dgents. Sterile techniques were used throughout. Before treatment, bacteria were grown in 5 mM L-glutamate-salts medium, harvested in exponential phase, concentrated by centrifugation, and resuspended in basal medium at 5 x 109 bacterial ml. After treatment with the mutagens, bacteria were diluted and plated on nutrient agar to permit replication and enumeration of auxotrophs.
(i) Ethyl methanesulphonate (EMS; 625 mM, filtered through 0.22 ,um Millipore filters) was added to bacterial suspensions at various concentrations. Following incubation at 30 "C without shaking, the cells were centrifuged and washed once in basal medium.
(ii) NTG was added to bacteria suspended in 10 mM-sodium citrate or -tris-maleate buffer, pH 6, to give a total volume of 10 ml. Cultures were incubated at 30 "C in 50 ml Erlenmeyer flasks and at various times samples were diluted in basal medium.
(iii) Ultraviolet light irradiation with a Hanovia model I 3 bactericidal lamp (Engelhard Hanovia Lamps, Slough, Buckinghamshire) was carried out with 10 ml suspension magnetically stirred in glass Petri plates. All manipulations were done at room temperature with illumination from a sodium lamp to prevent photoreactivation.
(iv) 8-Methoxypsoralen (I ml of a solution containing either 1.0 or 0.1 mg/ml dissolved in ethanol) was added to 9 ml suspensions which were incubated for 45 min at room temperature, and then irradiated in stirred glass Petri dishes with a 125 W GEC black lamp at a distance of 25 cm. A sodium lamp was used for all manipulations to prevent extra irradiation from fluorescent lamps.
Materidls 
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Induction of mutants
The method for measuring mutagenicity was based on the forward mutation rate from prototrophy to auxotrophy, i.e. the ability to grow on nutrient agar but not on succinatesalts medium. This was considered to give a better indication of general mutagenic activity than the more convenient method of measuring the reversion rate of a particular mutant which may give an unrepresentative assessment of mutation.
In a series of experiments (see Fig. I) , EMS produced the greatest proportion of auxotrophs of all the mutagenic agents tested. In routine use, mutagenesis with 40 to 75pg EMS/ml for 18 or 25 h led to the appearance of between 0.7 and 16 % of auxotrophs. Preliminary experiments showed no decrease in bacterial viability after 90 min incubation with concentrations of EMS below 50 mM, but inactivation proceeded rapidly at higher concentrations. Production of Acinetobacter mutants 341 Inocula of wild-type and strain-U~K (tyrosine-requiring) bacteria were grown separately in either nutrient broth or salts medium with an appropriate carbon source (5 mM), and tyrosine (100 ,ug/ml) in the case of U~K . Bacteria were harvested and inoculated into separate test media (5 mM-benzyl alcohol or phenylacetate or 10 mwsuccinate or DL-malate) without tyrosine, to give a concentration of about 7 x 10' bacteria/ml. After shaking at 30 "C for I h, antibiotics (vancomycin at 500 pg/ml and penicillin V at 1000 pg/ml) were added and incubation continued for a further 17 h when samples were assayed for viable bacteria. conditions was lower than that recorded for several other organisms (e.g. Adelberg et dl. 1969 , although DeliC, Hopwood & Friend (1970 found that quite severe treatment was necessary for Streptomyces coelicolor. Citrate and tris-maleate buffers as well as basal medium gave very similar results at pH 6, and the inclusion of glutamate as a growth substrate during mutagenesis had little effect. Neither U.V. irradiation nor near-u.v. irradiation in the presence of 8-methoxypsoralen (Townsend, Wright & Hopwood, I 97 I ) produced many auxotrophs. Neither near-u.v. irradiation nor 8-methoxypsoralen was mutagenic when used separately.
Survivors (%)
Enrichment of mutants
Preliminary experiments showed that several compounds, e.g. penicillin G, D-cycloserine and neomycin which have been used for the selective enrichment of non-growing organisms of other species (e.g. Schlegel & Jannasch, 1967) gave little or no enrichment with A . calcoaceticus ~C I s 8 2 5 0 .
In addition, treatment of strain ~C 1~8 2 5 0 with ampicillin plus D-cycloserine by the method described by Herman & Juni (1974) for their strain 78 gave no enrichment of non-growing bacteria since no more than 10 % of the bacteria were killed when growing in either I o mwsuccinate or I o mM DL-malate-salts medium. However, vancomycin (optimally at 500 ,ug/ml), penicillin V (optimally at 1000 ,ug/ml) (Table I ; lines I and 2) and carbenicillin (1000 ,ug/ml) all gave some enrichment of the tyrosine auxotroph U4K compared with the wild type when grown for 17 h in 5 mM benzyl alcohol-salts medium. Tests with combinations of these antibiotics revealed that vancomycin with penicillin V could produce a relative enrichment of the auxotrophic mutant of over 9000 (Table I ; line 3) .
Reconstitution experiments subjecting mixtures of wild type and U4K to vancomycin plus penicillin V resulted in the degree of enrichment expected from separate treatment of the two strains. Penicillin V appeared to exert a protective effect on the mutant (Table I ; lines I and 3), possibly by interacting with vancomycin (Perkins, 1969) . Table I show that metabolism, but not necessarily growth, is required for inactivation. Thus U4K was killed to about the same extent as the wild type in succinateor DL-malate-salts media; both of these carbon sources are metabolized by constitutive enzymes immediately after growth in nutrient broth. In the case of benzyl alcohol and phenylactate, however, which require inducible enzymes for their metabolism, U~K was inactivated only if previously induced by growth on these compounds.
The wild type in basal medium without a carbon source was killed to the same low extent as was U~K in medium which contained non-metabolizable carbon sources and no tyrosine.
Both vancomycin and penicillin V affect cell wall synthesis, but their precise mechanism of action in A. calcoaceticus is unknown and effective concentrations are much higher than normally used with sensitive Gram-positive bacteria (Gale et al. I 972) .
The optimum concentration of carbon source in the enrichment medium was equivalent to about 30 to 40 mg-atom carbon/l (e.g. 5 mM-benzyl alcohol, 1 0 mM-succinate). A time course of antibiotic action showed that treatment for 17 h gave maximum enrichment. A period of preincubation in the enrichment medium for I h before addition of antibiotics was necessary to minimize the killing of mutants; preincubation for only 30 min led to considerably more killing, possibly due to metabolism of endogenous materials, but preincubation for times up to 7 h gave no advantage over I h. An important qualification for success of the enrichment procedure after mutagenesis was to ensure suitable concentrations of live and dead bacteria; the number of mutagen-killed bacteria must be less than 109/ml and the number of live bacteria at least equal to the number of dead bacteria. The deleterious effect of large numbers of dead bacteria is probably due to leakage of materials leading to cross-feeding.
Applicability of the method Using these results, we designed the following method for isolating mutants of A. calcoaceticus NCIB8250. Bacteria were grown in 5 mM L-glutamate-salts medium, harvested in exponential phase, concentrated by centrifugation, and resuspended in basal medium to 5 x 109 bacteria/ml. The appropriate mutagenic treatment was carried out and the washed bacteria resuspended in basal medium. This suspension was used to inoculate 40 ml of a suitable medium (e.g. 5 mM L-glutamate-salts medium) and the bacteria were grown for 17 h at 30 "C with shaking to allow phenotypic expression. In some cases addition of carbon sources (e.g. benzoate) was then made and incubation was continued for 2.5 h to allow inauction of the corresponding enzymes in the wild-type strain. The bacteria were then harvested by centrifugation, washed and suspended in 10 ml of basal medium. Portions (I ml) of the suspension were used to inoculate 40 ml volumes of basal medium containing the carbon source appropriate to the particular enrichment. The cultures were then starved by shaking at 30 "C for I h. Vancomycin and penicillin V were added and the cultures shaken at 30 "C for 17 h. After this the bacteria were harvested, washed in chilled nutrient broth, and resuspended in nutrient broth for identification of mutants.
The mutagenic techniques described in this paper, followed by enrichment with vancomycin plus penicillin V, have been used to isolate mutants of NCIB8250 auxotrophic for amino acids (e.g. cysteine, isoleucine, isoleucine-valine or tyrosine) or blocked at various stages in the catabolism of benzyl alcohol (E. F. Ahlquist, V. Rowell, C. A. Fewson & D. A. Ritchie, unpublished observations). In these cases it was not possible to measure the relative enrichment with any certainty because the mutant frequency before enrichment was extremely low. However, there clearly was enrichment; for example, in one experiment no mutants were detected among approximately 8000 colonies tested before enrichment
